Abstract
Introduction

44
A major shift in our nutritional environment has greatly contributed to the recent obesity 
55
The adipocyte-derived hormone leptin directly targets these neuronal populations to cause 
79
In the present study, we investigated whether maternal diet-induced obesity induces ER stress 80 during neonatal life in the offspring and how it contributes to the nutritional programming of 81 obesity and hypothalamic development. We found that maternal obesity causes metabolic and 82 neurodevelopmental alterations in the offspring accompanied with elevated ER stress in the 83 hypothalamus and pancreas during postnatal development. Moreover, we report that 84 pharmacological inhibition of ER stress has long-term beneficial effects on body weight, body 85 composition, energy balance, glucose homeostasis, leptin sensitivity, and POMC axonal 86 projections in the offspring born to obese dams. Finally, our study reveals that the 87 neurodevelopmental effects of maternal obesity likely involve direct inhibitory action of saturated 88 fatty acids on arcuate axon growth.
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5
Results
90
Maternal obesity causes metabolic disturbances in the offspring
91
A mouse model of maternal obesity induced by high-fat high-sucrose (HFHS) feeding during 92 pregnancy and lactation was used to study the effects of maternal obesity on the offspring's 93 metabolism and development. Adult female mice were either fed a HFHS (58% kcal fat w/ 94 sucrose) or a control diet (6% calories from fat) six weeks before breeding. Dams were kept on 95 their respective diet throughout pregnancy and lactation. A significant increase in dams' weight 96 gain was observed as early as 4 weeks after HFHS diet began and persisted throughout the 97 HFHS exposure (Fig 1A) . This elevated body weight was associated with increased fat mass
98
( Fig 1B) . Moreover, dams fed a HFHS diet displayed altered glucose tolerance during gestation 99 (Fig 1C) .
100
The offspring of HFHS-fed dams had heavier body weights at weaning and this elevated 101 body weight persisted into adulthood (Fig 1D) . We also evaluated body composition and found 102 that adult animals born to obese dams displayed elevated fat and lean mass compared to 103 control mice (Fig 1E) . Moreover, neonatal exposure to HFHS caused adipocyte hypertrophy as 104 revealed by a 1.5-fold increase in adipocyte size in epididymal white adipose tissue (Fig 1F) .
105
There was also an increase in food intake, and decreases in oxygen consumption (VO 2 ) and 106 energy expenditure in adult animals born to obese dams (Fig 1G-I) . Respiratory exchange ratio 107 and locomotor activity were not significantly different compared to controls (Fig 1J and K) .
108
However, adult mice born to obese dams displayed impaired glucose and insulin tolerances 109 compared to mice born to lean dams (Fig 1L and M 
119
ARH of P10 mice born to obese dams (Fig 2A) . Moreover, expression of Atf4, Atf6, Xbp1, and
120
Chop mRNAs were significantly higher in the ARH of adult mice born to HFHS-fed dams (Fig   121   2B ). In contrast, only Atf4 mRNA was significantly increased in the paraventricular nucleus
122
(PVH) of P10 mice (Fig 2C and D) . Atf4, Atf6, and Xbp1 mRNAs were elevated in the pancreas 123 of P10 pups of HFHS-fed dams (Fig 2E) , but these markers were not significant changed in 124 neonatal liver and fat tissues (Fig 2G and I) . In addition, Atf4, Atf6, Xbp1, and Chop mRNA 125 levels were higher in the pancreas of adult mice born to obese dams (Fig 2F) , but only Xbp1
126
and Xbp1 as well as Chop mRNAs were significantly elevated in the liver and fat tissues,
127
respectively, of adult mice of HFHS-fed dams (Fig 2 H and J) .
128
To investigate the importance of early life ER stress, we treated pups born to HFHS-fed (Fig 2A-J) , with the exception of Xbp1 in P10 ARH and pancreas (Fig 2A and E) 135 and in adult pancreas (Fig 2F) , and Chop in adult adipose tissue (Fig 2J) . Neonatal TUDCA 136 treatment also reduced normal mRNA levels of Xbp1 in P10 PVH and liver (Fig 2C and G) , Bip 137 in P10 liver (Fig 2G) , and Atf6 in adult liver (Fig 2H) . Physiologically, neonatal TUDCA 138 treatment in animals born to obese dams reversed alterations in body weights, body 139 composition, adipocytes, food intake, energy expenditure, and glucose and insulin tolerances 140 (Fig 1D-G, I , and L-M), with only VO 2 not being improved (Fig 1H) . [8, 17, 18, 19, 20] . We therefore measured circulating 150 leptin levels in animals exposed to maternal obesity. Maternal HFHS feeding was associated 151 with a marked increase in serum leptin levels in dams at gestational day 16 and in E16.5 152 embryos (Fig 3A) . Serum leptin levels were also elevated in P10 pups born to obese dams,
153
which were normalized upon neonatal TUDCA treatment (Fig 3A) . However, serum leptin levels
154
were unchanged in adult mice born to HFHS-fed mothers (Fig 3A) . Because leptin's 
175
of P14 mice born to obese dams was 2-fold lower than that observed in control mice (Fig 4A) .
176
In contrast, the density of AgRP-labeled projections innervating the PVH appeared normal in
177
P14 pups born to HFHS-fed dams (Fig 4A) . Also, the number POMC and NPY positive cells in 
190
Our results show that overconsumption of a western-style diet rich in fatty acids during 191 pregnancy and lactation is associated with abnormal hypothalamic development. We also 192 measured circulating fatty acid concentration during pregnancy and found that dams fed a 9 HFHS diet have a 4-fold increase in serum fatty acid levels compared to control dams (Fig 5A) .
194
Offspring born to obese dams also displayed higher levels of circulating fatty acids at P10 that 195 persisted into adulthood and neonatal TUDCA treatment restored normal levels of fatty acids
196
( Fig 5A) . To determine which type of fatty acids could cause neurodevelopmental abnormalities 197 in our model, we reviewed the dietary fat content of the HFHS diet used in this study and found
198
high concentrations (93.3%) of saturated fatty acids, including palmitic, lauric, and myristic acids 199 and low concentrations (2.4%) of monounsaturated fats such as oleic acid ( Table 1) . (Fig 5B) . In contrast, expression of ER stress markers was 205 not affected when cells were treated with the monousaturated fat oleic acid (Fig 5B) .
206
We next assessed fatty acids intracellular transport in hypothalamic cells using BODIPY, (Fig 5C) . In order to determine if these saturated 210 fatty acids also impacted ARH axon growth and whether it involves ER stress, we also 211 performed a series of in vitro experiments in which ARH explants were microdissected, placed 212 in a collagen matrix, and then exposed to combination of saturated fatty acids (i.e., palmitic, 213 lauric, and myristic acids), or saturated fatty acids with TUDCA, or vehicle alone. After 48 hours, 214 the density of TUJ1-labeled neurite, neuron-specific class III beta-tubulin, from ARH explants 215 treated with saturated fatty acids was approximately 10-fold lower than that of vehicle-treated 216 explants (Fig 5D) . Moreover, pre-incubation of ARH explants with TUDCA improved disrupted 217 axon outgrowth after saturated fatty acids treatment (Fig 5D) . 
315
Tissue collection
316
The ARH and PVH of P10 and 10-week-old mice were dissected under a stereomicroscope.
317
Liver, pancreas and epididymal white adipose tissues were collected from P10 and 10-week-old 318 mice.
320
Cell culture and fatty acid treatment
321
The embryonic mouse hypothalamic cell line N43/5 was cultured in Dulbecco's modified Eagle's 322 medium (Sigma, D5796) supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 15 100 µg/ml streptomycin at 37°C in 5% CO 2 
342
The maternal body weight was recorded weekly until the end of pregnancy. Offspring (n = 5 per 343 group) was weighed weekly 1 to 10 weeks of age using an analytical balance. Body composition 344 analysis (fat/lean mass) was performed in pregnant females at gestational day 16 and in the 345 offspring at 10 weeks of age using NMR (Echo MRI). Food intake, O 2 and CO 2 production,
346
energy expenditure, respiratory exchange ratio (i.e., VCO 2 /O 2 ), and locomotor activity (XY) were 347 monitored at 10 weeks of age using a combined indirect calorimetry system (TSE Systems).
348
The mice were acclimated in monitoring chambers for 2 days, and the data were collected for 3 
355
Serum leptin levels were assayed in chow-fed or HFHS-fed mothers at gestational day 
397
N43/5 were then fixed in a solution of 4% paraformaldehyde for 5 min and washed with KPBS.
398
Slides were counterstained using bis-benzamide (Invitrogen; 1:10,000) to visualize cell nuclei. 
408
the explants were fixed in paraformaldehyde and neurites extending from the explants were 409 stained with TUJ1 (b III tubulin) (rabbit, 1:5,000, Covance) as described previously [37] .
411
Image analysis
412
The images were acquired using a Zeiss LSM 710 confocal system equipped with a 20X 413 objective through the ARH (for cell numbers), through the PVH and the DMH (for fibers density), 
585
Scale bar, 100 µm.
586 587
